Solitary fibrous tumors, which are characterized by their broad morphological spectrum and unpredictable behavior, are rare mesenchymal neoplasias that are currently divided into three main variants that have the NAB2-STAT6 gene fusion as their unifying molecular lesion: usual, malignant and dedifferentiated solitary fibrous tumors. The aims of this study were to validate molecular and immunohistochemical/biochemical approaches to diagnose the range of solitary fibrous tumors by focusing on the dedifferentiated variant, and to reveal the genetic events associated with dedifferentiation by integrating the findings of array comparative genomic hybridization. We studied 29 usual, malignant and dedifferentiated solitary fibrous tumors from 24 patients (including paired samples from five patients whose tumors progressed to the dedifferentiated form) by means of STAT6 immunohistochemistry and (when frozen material was available) reverse-transcriptase polymerase chain reaction and biochemistry. In addition, the array comparative genomic hybridization findings were used to profile 12 tumors from nine patients. The NAB2/STAT6 fusion was detected in all of the tumors, but immunohistochemistry and western blotting indicated that chimeric protein expression was atypical or absent in 9 out of 11 dedifferentiated tumors. The comparative genomic hybridization results revealed that the usual and malignant solitary fibrous tumors had a simple profile, whereas the genome of the dedifferentiated tumors was complex and unstable, and suggested that 13q and 17p deletions and TP53 mutations may be present in malignant lesions before the full expression of a dedifferentiated phenotype. Solitary fibrous tumor dedifferentiation is associated with the loss of chimeric oncoprotein expression, genomic instability, and cell decommitment and reprogramming. The assessment of dedifferentiated solitary fibrous tumors is based on the presence of the fusion transcripts and, in principle, negative STAT6 immunohistochemistry should not rule out a diagnosis of solitary fibrous tumor. Modern Pathology (2015Pathology ( ) 28, 1074Pathology ( -1083 doi:10.1038/modpathol.2015 published online 29 May 2015 Solitary fibrous tumors are rare mesenchymal tumors (incidence o 1 per million) that were originally described on the pleurae but have subsequently been recognized at virtually all body sites. 1 The current classification includes usual, malignant and the recently described dedifferentiated variants. [1] [2] [3] The morphobiological features distinguishing the malignant and usual variants are hypercellularity, cell pleomorphism, necrosis and a mitotic index of 44/10 high-power fields. However,
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Until recently, there was no known, diagnostically relevant, recurrent cytogenetic/molecular alteration and immunohistochemistry was of little help insofar as solitary fibrous tumors have a relatively unspecific profile characterized by the co-expression of CD34, CD99, and BCL2. The fact that the dedifferentiated variant lacks even this immunophenotypical signature makes its diagnosis particularly challenging because it entirely relies on the presence of a usual/malignant component within the tumor or (in the case of late-recurring pure dedifferentiated tumors) the documentation of a previous solitary fibrous tumor. However, in 2013, whole exome and trancriptome sequencing-based studies 5, 6 revealed a chromosomal rearrangement leading to a NAB2/ STAT6 gene fusion that has now been recognized as the hallmark of solitary fibrous tumors on the basis of gene-specific reverse-transcription polymerase chain reaction analyses of solitary fibrous tumor series including usual and malignant variants. [5] [6] [7] [8] NAB2 and STAT6 are contiguous and partially overlapping genes with opposite transcription orientations on chromosome 12q13.3. NAB2 is a nuclear protein that acts as a repressor of the transcription induced by some members of the early growth response (EGR) family of transactivators (particularly EGR1) and mediated by interactions with the nucleosome remodeling and deacetylase complex. 9 Like other members of the STAT family of transcription factors, when phosphorylated by receptorassociated kinases, STAT6 translocates to the cell nucleus where it acts as transcriptional activator and has a central role in IL4-mediated biological responses. The rearrangement found in solitary fibrous tumor consists of a cytogenetically undetectable intrachromosomal inversion that causes the NAB2 C-terminal transcriptional repression domain to be substituted by the STAT6 transcriptional activation domain, thus deregulating the expression of a set of EGR1 targets. Cell line transformation experiments have shown that the NAB2/STAT6 chimera stimulates proliferation in a EGR1-dependent manner. 6 NAB2/STAT6 mRNA chimeras are highly heterogeneous and have an unusually large number of fusion variants. The fusion types NAB2 exon 6/STAT6 exon 17 and NAB2 exon 6/STAT6 exon 18 have recently been associated with malignant behavior, an extrapleural location and a younger age at onset, 8 although this association has not been observed in other studies. 6, 7 The discovery of the NAB2/STAT6 fusion made it possible to diagnose solitary fibrous tumor molecularly using reverse-transcription polymerase chain reaction; moreover, the overexpression and phosphorylation-independent nuclear translocation of the STAT6 C-terminus can be readily identified by means of STAT6 immunohistochemistry, a sensitive, specific and more widely available means of accurate diagnosis. 6, 10, 11 However, although the presence of the NAB2/STAT6 rearrangement is pathognomonic for solitary fibrous tumors, it does not provide any known insights into the biological basis of the spectrum, prognosis or progression of the tumors. Furthermore, to the best of our knowledge, a solitary fibrous tumor diagnosis has been molecularly confirmed by reverse-transcription polymerase chain reaction in only two dedifferentiated cases. 12, 13 The aims of this study were to validate the newly available reverse-transcription polymerase chain reaction, immunohistochemistry and biochemical analyses as methods of diagnosis in a series of tumor samples representing all of the solitary fibrous tumor variants, and to investigate the genetics of the morphopathological changes paralleling the evolution of solitary fibrous tumor, with particular reference to dedifferentiation.
Materials and methods
The case material consisted of specimens of all of the available cases of dedifferentiated solitary fibrous tumors diagnosed and treated between 2003 and 2013, together with frozen samples of two small series of usual and malignant solitary fibrous tumors surgically treated in the same period. As our institute is a referral center for patients with rare sarcomas, solitary fibrous tumors with an extrapleural location and malignant features are overrepresented. The study was approved by the Independent Ethics Committee of the Fondazione IRCCS Istituto Nazionale dei Tumori di Milano.
Patients and Primary Tumors
As summarized in Table 1 , the case material consisted of 29 tumors from 24 patients: 11 males and 13 females whose median age at the time of disease onset was 51 years, range 23-76. Histology/ immunohistochemistry at time of onset classified 6 patients (nos. 1-6) as having usual, 8 as having malignant (nos. [7] [8] [9] [10] [11] [12] [13] [14] , and 10 as having dedifferentiated solitary fibrous tumors (nos. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] .
Dedifferentiated Solitary Fibrous Tumors
Of the ten patients with dedifferentiated tumors, six (nos. 15-19 and 24) had dedifferentiated tumors at The time between the primary lesion and recurrences and metastases is shown in brackets. INT6: inserted sequence from NAB2 intron 6. int: the breakpoints internal to the specified exon. The ex4-ex1b fusion has been previously described. 5 Array comparative genomic hybridization (aCGH): the number of gains, losses and breakpoints in each tested sample. Six of these patients have been described in a previously published morphoimmunohistochemical study, 3 and Table 1 also shows their original identification numbers.
Examined Samples
The 29 analyzed samples came from primary tumors in 15 cases, local recurrences in seven, and metastases in seven ( Table 1 shows the time since the primary presentation, site and histology of each recurrence/ metastasis). They included formalin-fixed and paraffinembedded and frozen samples of all of the tumors with the exception of five referred cases of which only unstained formalin-fixed and paraffin-embedded sections were available (see Table 1 ). Samples of dedifferentiated solitary fibrous tumors taken from five patients at two different stages of disease progression included one case of a usual solitary fibrous tumor (20a) that progressed to dedifferentiated (20b), three cases of malignant solitary fibrous tumors (21a, 22a, and 23a) that progressed to dedifferentiation (21b, 22b, and 23b), and one case with samples from two pulmonary dedifferentiated metastases (24a and 24b) separated by an interval of 1 year.
All of the tumors were assessed using a CD34, CD99, Bcl2, and Ki67 immunohistochemistry panel complemented by STAT6. The antibodies, sample processing, and immunohistochemical procedure have been previously described. 3 
Reverse-Transcription Polymerase Chain Reaction and Sequencing
Total RNA was extracted from all 24 frozen tumoral samples using Epicenter (Madison, WI, USA) followed by DNAse treatment, and its concentration and quality were assessed by using NanoVue (VWR, Radnor, PA, USA). A total of 1 μg of RNA per sample was retrotranscribed as previously described. 14 The primers used to detect NAB2/STAT6 fusion products were the previously described NAB2ex5F (CCTGTCTGGGGAGAGTCTGGATG)/STAT6ex20R(GG GGGGATGGAGTGAGAGTGTG) 6 and NAB2ex21051F (GCCCGAGAGCACCTACTT)/STAT6ex4762R(AGGTG GATCTCCCCTACTTCG); 7 the polymerase chain reaction conditions have been described elsewhere. 7 After treatment with ExoSap IT (Affymetrix, Santa Clara, CA, USA), the amplified products were directly sequenced using a Big Dye v1.1 cycle sequencing kit and a 3500Dx genetic analyzer (Thermo Fisher Scientific, Waltham, MA, USA).
Western Blotting
Aliquots of nuclear extracts from all 24 frozen tumoral samples containing equal amounts of protein (as assessed using the Bio-Rad protein assay kit, BioRad, Segrate, Italy) were analyzed by means of western blotting: the membranes were incubated with rabbit STAT6 antibody (Cell Signaling Technology, Danvers, MA, USA) diluted 1:1000, and rabbit antiactin antibody (1:2500; A2066; Sigma-Aldrich, St. Louis, MO, USA) was used to normalize the results.
Immunohistochemistry
A polyclonal rabbit antibody (s20-S621, Santa Cruz Biotechnologies, Santa Cruz, CA, USA) against the STAT6 C-terminal was used at a dilution of 1:400 and, after antigen unmasking (96°C EDTA for 30 min), the samples were stained by using a Dako Flex+ Autostainer (Dako, Glostrup, Denmark) at room temperature per 30 min. The slides were counterstained with Mayer's hematoxylin. The antibody and immunohistochemistry procedure for the TP53 assessments have been described elsewhere. 14 RB1 immunohistochemistry was performed using the R PMG 3-245 clone (Pharmigen, BecktonDickenson, San Jose, CA, USA) as described above.
Array Comparative Genomic Hybridization
High-resolution oligo array comparative genomic hybridization analysis was used for a subset of samples of 12 tumors from 9 patients, including three usual (nos. 1, 2, and 6), five malignant (nos. 8, 9, 10, 22a, and 23a), and four dedifferentiated tumors (nos. 22b, 23b, 24a, and 24b). The samples taken from three patients (nos. 22, 23, and 24) were from the primary (no. 22a) or the earliest available lesion (Nos. 23a and 24a) and the subsequent dedifferentiated recurrence (nos. 22b, 23b, and 24b). Genomic DNA was extracted from the frozen samples by using a DNeasy Tissue Kit (Qiagen, Valencia, CA, USA) including RNase treatment, and its quality was assessed by using NanoVue (VWR) and agarose gel electrophoresis. The molecular karyotype of the samples was assessed by using an Agilent 144K array and an Agilent Genomic DNA ULS labeling kit in accordance with the manufacturer's protocol, and the raw data were processed using 'Feature extraction' software (Agilent Technologies, Santa Clara, CA, USA).
The data were analyzed using Agilent's Genomic Workbench Standard Edition 6.5.0.58. Copy-number variations, low-level copy-number abnormalities (0.3 olog2 ratio4 − 0.3), and copy-number abnormalities involving chromosomes X and Y were not considered.
TP53 Mutational Analysis
TP53 mutational status was assessed in ten solitary fibrous tumors (nos. 15, 16, 17, 21b, 22a and b, 23a and b, and 24a and b) with suitable genomic DNA; exons 5-8 were amplified and sequenced as previously described. 14 
Statistical Analysis
The data were analyzed using the two-tailed nonparametric Mann-Whitney test and Star View Software; a P-value of ≤ 0.05 was considered significant.
Results

Diagnostic Tools
In terms of size, NAB2/STAT6 fusion variants can be tentatively grouped into two categories: those with distal STAT6 breakpoints (exons 17-19) whose chimeric proteins have a similar size to that of STAT6 (small), and those with STAT6 proximal breakpoints (exons 1b-4), which produce outsized chimeric proteins (large). 6 NAB2 breakpoints are also heterogeneous and fall in proximal (exons 3-5) or distal exons (exons 6-7). Furthermore uncommon variants with intronic and/or intraexonic breakpoints have been described. [5] [6] [7] NAB2/STAT6 fusion transcripts were detected in all of the tested tumor samples, and corresponded to nine different fusion types: four fusions have been previously described (see Table 1 ); the remaining five involved intronic sequences and/or exonic fusion/breakpoints while retaining the reading frame (Table 1 and Supplementary Figure S1 ). There was no correlation between the fusion type and tumor malignancy/dedifferentiation or site, but there was a significant association between a younger age at the time of onset and fusions with STAT6 (MannWhitney, two-tailed, n 1 = 13, n 2 = 8, P o 0.05) or NAB2 distal breakpoints (Mann-Whitney, twotailed, n 1 = 16, n 2 = 5, P o 0.05). This finding is in line with previous observations. 8 STAT6 immunohistochemistry. All of the 7 usual and 11 malignant tumors showed strong and diffuse STAT6 immunostaining restricted to the nucleus, a hallmark of solitary fibrous tumors 6, 10, 11 (Figure 1a) , whereas immunohistochemistry profile was more heterogeneous in the dedifferentiated tumors: only two (nos. 17 and 18) showed typical STAT6 immunostaining, six samples from five patients (nos. 15, 16, 19, 20b, 24a, and 24b) showed patchwork STAT6 immunodecoration characterized by focally (Figures 1b and c) ; and the remaining three (nos. 21b, 22b, 23b) showed negative STAT6 nuclear immunoreactivity (Figures 1d-f) . The STAT6 negative and patchwork cases occasionally showed faint STAT6 cytoplasmic immunoreactivity (Figures 1e  and f) . It is particularly worth noting that the four patients for whom material was available from an initial usual/malignant tumor and a subsequent dedifferentiated recurrence/metastasis (nos. 20-23), the earlier lesions showed canonical STAT6 immunostaining (Figures 2a and d) , but not the later lesions (Figures 2b and e) . These four cases have been included in previous studies. 3, 15 Western blotting. Immunoblotting of all of the 24 tested samples revealed the presence of a 100-kDa band corresponding to STAT6 protein (data not shown). The expected additional bands of higher molecular weight corresponding to 'large' NAB2-STAT6 chimeras 6 were detected in all of the usual and malignant cases (nos 1, 6, 8, 9, 10, 13, and 23a) with NAB2/STAT6 fusions involving proximal STAT6 exons (from exons 1b to 5); examples of such 'large' chimeric proteins are shown in Figure 2c and f (lanes 23a and 13). Unlike in a previous study 6 , we did not detect any additional bands corresponding to 'small' chimeric products in the tumors with distal STAT6 breakpoints (exons 17 and 19). It is worth noting that, although both the initial malignant tumor and subsequent dedifferentiated recurrence of no. 23 were reverse-transcription polymerase chain reaction positive, only the protein extracts of the former showed the presence of the expected 'large' chimeric protein (Figure 2c, lane 23a) . The findings were similar in case no. 21: although both lesions were reverse-transcription polymerase chain reaction positive, the primary lesion was STAT6 immunohistochemistry positive, whereas the dedifferentiated metastasis was immunohistochemistry negative and western blotting revealed only a very-faint chimeric product (Figure 2f,  lane 21b) .
Taken together, these findings suggest that reversetranscription polymerase chain reaction is the diagnostic gold standard for solitary fibrous tumors as it can detect NAB2/STAT6 fusions throughout the spectrum, including dedifferentiated variants that have lost their immunohistochemical signature.
Genomic Characterization of Usual, Malignant and Dedifferentiated Solitary Fibrous Tumors
Despite their generally 'simple' genomic and cytogenetic profiles, [16] [17] [18] it has been reported that solitary fibrous tumors undergo genetic alterations during their progression to malignancy 19, 20 and dedifferentiation. 2 Given the availability of suitable representative samples of all types of solitary fibrous tumors (including two cases progressing to dedifferentiated), we used array comparative genomic hybridization analysis in order to define the genetic events associated with their morphophenotypical evolution.
Array comparative genomic hybridization. All of the usual tumors had a normal profile, and only two of the malignant solitary fibrous tumors showed abnormalities: no. 8 had copy-number abnormalities involving entire chromosomes (gains for chromosomes 5, 8, 18, 19 , and 21 and the loss of chromosome 13), and no. 22a had two (13q and 17p) interstitial deletions (Figures 3c and f; Supplementary  Fig. S2 ). On the contrary, all of the dedifferentiated solitary fibrous tumors had a complex genomic profile that was mainly characterized by intrachromosomal gains and more prevalent losses (Table 1 and Supplementary Fig 2) and, interestingly, were all genomically unstable as shown by the acquisition of new copy-number abnormalities in successive samples (Table 1 and Supplementary Fig. S2 ). All of the dedifferentiated solitary fibrous tumors showed losses in chromosome 13 (which always included the RB1 gene) and 16q losses with a minimal common deleted region within the 16q 23.1 chromosomal band. The deletion of 17p (including the TP53 gene) was observed in two cases (nos. 22b and 23b).
RB1 and TP53: the oncosuppressors most frequently involved in dedifferentiated solitary fibrous tumors copy-number abnormalities. The immunohistochemical profile of RB1 of case no. 22 showed nuclear immunoreactivity in the primary malignant tumor (Figure 3a) and complete loss in the dedifferentiated recurrence (Figure 3b ) with a homozygous RB1 deletion (Figure 3c) .
None of the usual solitary fibrous tumors was TP53 immunopositive, and only two of the 11 malignant samples (nos. 21a and 22a) had more than 50% of nuclear-positive cells suggesting TP53 disabling mutations, while 4 out of the 10 tested dedifferentiated samples (nos. 15, 17, 21b, and 22b) from 11 patients were immunopositive (Figure 3d ). TP53 disabling mutations were confirmed in one malignant (no. 22a) and three dedifferentiated solitary fibrous tumors (nos. 17, 21b, and 22b), and both TP53-positive malignant cases (one TP53 immunohistochemistry positive and one TP53 immunohistochemistry positive/TP53 mutated) later evolved into dedifferentiated solitary fibrous tumors (see Table 1 ). 
Discussion
The recent identification of NAB2/STAT6 fusion as a hallmark/initiating event of solitary fibrous tumors has allowed the use of dedicated molecular (reversetranscription polymerase chain reaction), immunohistochemical (STAT6 immunohistochemistry) and biochemical (western blotting) techniques as means of supporting their diagnosis and studying their progression. We used these techniques together with genomewide (array comparative genomic hybridization) analysis, TP53 immunohistochemistry and mutational analysis to investigate a series of 29 tumors taken from 24 patients. We also used the molecularly confirmed diagnosis to focus on the recently described and relatively unexplored dedifferentiated solitary fibrous tumor variant in order to document the changes that take place during dedifferentiation, ie, the loss of chimeric protein expression and increased genomic instability, which can be interpreted as evidence of tumor reprogramming.
The results confirm that reverse-transcription polymerase chain reaction is the diagnostic gold standard albeit with some limitations due to the broad splicing landscape and the frequent occurrence of 'noncanonical' NAB2/STAT6 fusions. Its overall sensitivity was 100% as it detected NAB2/STAT6 fusion in all of the tumors, including the seven dedifferentiated solitary fibrous tumors for which frozen material was available. Regarding the prognostic value of fusion types, only one study to date 8 reports an association between specific fusions (namely the 'small' variants ex6-ex17, ex6-ex18) and clinicopathological characteristics such as younger age at onset, extrapleural site and malignancy. However, none of such associations were reported in two other studies. 6, 7 In our series we did find significant association between 'small' type fusions and younger age but not between fusion type and the pathological characteristics of the tumors such as malignancy or site (pleuropulmonary vs others). The lack of association between pleuropulmonary site and fusion type in our series is not surprising since only two tumors arising at this site are included. It is worth noting that both papers reporting no association 6, 7 had similarly unbalanced series with an overwhelming majority of extrapleural tumors. More studies on large series with balanced representation of sites of origin are needed in order to assess the reproducibility and true extent of these observations.
A reliable and widely applicable alternative means of diagnosing solitary fibrous tumors is STAT6 immunostaining, which is characterized by strong and diffuse nuclear immunopositivity. However, although this pattern was found in all of the usual and malignant variants, the immunohistochemical profile of the dedifferentiated tumors was less typical: only 2 out of the 11 tumors (from 10 patients) were typically positive, 3 were negative, and the remaining 6 had an ambiguous pattern characterized by patchwork nuclear positivity and a focal loss of nuclear immunostaining. The STAT6-negative and patchwork cases occasionally showed faint cytopasmic STAT6 immunoreactivity, and the tumors showing the loss or modulation of STAT6 immunoreactivity often also showed the loss of CD34 immunolabeling (Table 1) . This makes the immunohistochemistry-based diagnosis of dedifferentiated solitary fibrous tumors particularly challenging and totally reliant on reverse-transcription polymerase chain reaction. It is important to point out that the loss of STAT6 immunoreactivity was further supported by western blotting readouts showing the absence or greatly reduced levels of chimeric protein in two STAT6 immunohistochemistry-negative cases. Post-transcriptional mechanisms of STAT6 downregulation are known in hematological cell lineages and include CBL-B mediated ubiquitination followed by proteasome degradation in T-cells, 21 and the proteolytic generation of a shorter STAT6 isoform (65 kDa) lacking the COOH terminal transactivation domain in mast cells. 22 Similar mechanisms may be responsible for NAB2/STAT6 chimera downregulation and loss in dedifferentiated solitary fibrous tumors, in which the light cytoplasmic immunostaining in association with the decrease or loss of STAT6 nuclear labeling favor the ubiquitination-mediated mechanism.
Taken together, our findings suggest that NAB2/ STAT6 downregulation is frequent in dedifferentiated solitary fibrous tumors and may reflect a loss of oncogene addiction, 23, 24 thus supporting the hypothesis that dedifferentiation participates in tumor reprogramming. An association between tumor dedifferentiation and the loss of oncogene expression has been found in the case of GISTs (gastrointestinal stromal tumors) 25 and chordomas, 26 and it is interesting to note that, as in the case of solitary fibrous tumors, the oncogene in both cases is thought to be the initiating/defining lesion (mutated KIT in the case of GISTs, and brachyury overexpression in the case of chordomas). At the same time as the loss of NAB2/ STAT6 expression, we also observed the acquisition of a complex array comparative genomic hybridization profile, which seems to be the hallmark of solitary fibrous tumor dedifferentiation.
It is known that genome instability plays a role in sarcoma dedifferentiation by favoring the acquisition of critical new genetic changes such as oncogene independence, the reinstatement/acquisition of stem-cell potential (reprogramming), and an ability to display divergent phenotypes. [27] [28] [29] Nonrandom genomic alterations associated with dedifferentiation have also been reported in dedifferentiated chondrosarcomas 30 and liposarcomas 31 and, in the latter, specific copy-number abnormalities are associated with a distinct morphology and poor prognosis.
All of the dedifferentiated solitary fibrous tumors investigated by means of array comparative genomic hybridization were characterized by a complex genomic profile including a number of interstitial gains and losses which, in two cases, were acquired during progression from a STAT6-positive malignant tumor (nos. 22a and 23a) to a STAT6-negative dedifferentiated solitary fibrous tumor (nos. 22b and 23b). On the contrary, only two of our nondedifferentiated tumors showed the presence of copy-number abnormalities. To the best of our knowledge, the only other dedifferentiated-solitary fibrous tumor previously profiled by means of comparative genomic hybridization 2 was a tumor characterized by a divergent evolution 3 whose high-grade component showed a complex profile with multiple gains and losses without any abnormalities in the low-grade component. In line with previously published findings, the most frequent copynumber abnormalities in our series were the loss of 13q, [16] [17] [18] which always involved RB1 and included the only homozygous deletion; deletion 16q with its minimal common region in 16q23.1; and deletion 17p always involving TP53. It is worth noting that the losses of 17p and 13q were the only copy-number abnormalities in one malignant tumor that later evolved into a dedifferentiated solitary fibrous tumor and acquired further copy-number abnormalities.
Unlike Mohajery et al., 7 who found frequent rearrangements and copy-number abnormalities on 12q13, we observed only one case: a 4 Mb gain involving the NAB2/STAT6 loci. This difference is probably because of the different resolution of the array platforms (144K vs the 1.2M array of Mohajery et al.). It is worth pointing out that the recurrent 12q rearrangements, which have also been found by means of classical cytogenetic 7, 32 and fluorescent in situ hybridization analyses, 7 are probably related to the primary NAB2/STAT6 genomic rearrangement rather than being acquired during progression to malignancy or dedifferentiation.
An immunohistochemistry profile suggesting a TP53 mutation was found in four dedifferentiated solitary fibrous tumors and confirmed by sequencing in three (two of which harbored the same alteration in their earlier malignant presentations). TP53 mutations/overexpression have been reported in high-grade/dedifferentiated solitary fibrous tumors, 12, 13, [33] [34] [35] and both deletion 13 and TP53 mutations have been observed to appear during disease progression in longitudinal studies of solitary fibrous tumors. 19, 20 Cumulatively, the main features of dedifferentiated solitary fibrous tumors are the complete or partial loss of NAB2/STAT6 chimeric protein expression (despite the retention of chimeric RNA expression), and the acquisition of genome instability. It can therefore be hypothesized that a dysregulated post-translational mechanism (responsible for the chimeric protein downregulation) is involved in the acquisition of the dedifferentiated phenotype. Such changes can be interpreted as being part of tumor cell reprogramming, and may explain the previously described different responses to targeted therapies for malignant and dedifferentiated solitary fibrous tumors. 15, 36, 37 On the other hand, genomic changes such as del17p/ TP53 mutations and del13q (which seem to be prevalent in dedifferentiated solitary fibrous tumors) can also be occasionally found in tumors whose histology and immunoprofiles are fully consistent with a diagnosis of a malignant solitary fibrous tumor. Two of our malignant TP53 immunopositive cases (nos. 21 and 22, the latter with a 13q deletion) were characterized by dedifferentiated recurrences within 3 years, a much shorter latency than the more than 10 years observed in other patients with recurrent dedifferentiated solitary fibrous tumors. 4 This suggests that these abnormalities may at least sometimes precede the expression of a fully dedifferentiated phenotype and that they may have prognostic/predictive value.
The size (24 cases) and the composition (only two pleural /24 and 10 dedifferentiated /24 cases) of our series are not suitable to draw conclusions of broad reliability and statistical validity with regard to issues such as the correlation between fusion type and clinicopathological features. However, our aim was to define the applicability of the newly available molecular and immunohistochemical tools to the diagnosis of dedifferentiated solitary fibrous tumors and to describe the changes occurring during the process of evolution toward a dedifferentiated phenotype. The results uncover some biological peculiarities of dedifferentiation in solitary fibrous tumor underlining, at the same time, the pitfalls and strengths of the newly available diagnostic tests in the setting of dedifferentiated solitary fibrous tumor.
